INTRODUCTION
============

Colorectal cancer (CRC) remains the leading cause of cancer-related deaths worldwide, and the TNM classification is the best prognostic predictor of outcomes in patients with CRC \[[@B1]-[@B3]\]. However, factors such as the TNM classification cannot be readily obtained preoperatively. In spite of the many investigations of prognostic factors in CRC, few parameters are predictive of the risk of tumor relapse in individual patients. An accurate prognostic parameter before surgery is important, and when preoperative prognostic factors or high risks of tumor relapse are present in patients with CRC, different treatment approaches are required.

Tumor markers have been applied in clinical practice for several decades, including in the diagnosis, screening, staging, and monitoring of the effects of treatments \[[@B1], [@B2], [@B4]-[@B6]\]. Since its initial description in 1965 by Gold and Freedman \[[@B7]\], carcinoembryonic antigen (CEA) has been the tumor marker investigated most extensively for CRC. Indeed, many studies have demonstrated the prognostic value of the preoperative CEA level after surgical colon resection \[[@B8]-[@B11]\]. However, the early postoperative decrease in the CEA level, as compared with the preoperative CEA level, as an independent predictor of disease-free survival (DFS) and overall survival (OS) in patients with colon cancer has been evaluated only rarely. Therefore, we analyzed the prognostic values by evaluating the preoperative serum CEA level and the perioperative rate of decrease in serum CEA level in patients who underwent a curative resection for colon cancer.

METHODS
=======

Between January 2000 and December 2007, 895 patients with primary colon cancer underwent a surgical resection in the Department of Surgery, Inje University Busan Paik Hospital, Inje University College of Medicine. All patients who had undergone a surgical resection for colon cancer were registered in a prospectively-collected colon-cancer database and were followed up. Six hundred five patients with pathological stages I to III tumors were included in this study. Patients with distant metastasis, palliative resection, or no information on the preoperative serum CEA levels were excluded. All patients underwent a surgical resection with a laparotomy or laparoscopic surgery. Serum CEA levels were measured in the preoperative period and within 1 month postoperatively. Adjuvant therapy was given to patients with pathologic stage II and III colon cancer. Chemotherapy comprised 5-fluorouracil (5-FU) and leucovorin with or without oxaliplatin. The 1st regimen was to give 5-FU (425 mg/m^2^) and leucovorin (20 mg/m^2^) daily for 5 days every 4 weeks for 6 cycles. The 2nd regimen was to give oxaliplatin (85 mg/m^2^) on the first day and leucovorin (200 mg/m^2^) before 5-FU injection on days 1 and 2 and 5-FU (400 mg/m^2^ by bolus and 600 mg/m^2^ over 22 hours) in days 1 and 2 every 2 weeks for 12 cycles. No adjuvant chemotherapy was administered to patients who refused chemotherapy, were older than 75 years of age, or showed a poor performance status.

Patients were followed up every 3 months for the first 2 years after surgery and every 6 months thereafter for 3 years, for a total 5-years\' follow-up. History, physical examination, and serum CEA level were determined at each follow-up visit. Chest X-ray and abdominopelvic computed tomography were performed at 6-month intervals, and colonoscopy was performed annually. Recurrence was identified by imaging studies and colonoscopy and was confirmed by colonoscopic or percutaneous biopsy. When histologic confirmation was not possible, radiologically-observed tumor growth within the previous surgical field was considered to indicate recurrence.

Categorical variables were compared using a chi-square test or a Fisher exact test. The Kaplan-Meier method was conducted to evaluate the OS and the DFS rates. Prognostic factors for OS and DFS were analyzed with a log-rank test, and a multivariate analysis was performed using a Cox proportional hazard model. A P-value of \<0.05 was considered to indicate statistical significance. Statistical analyses were conducted using SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

Clinical and pathological characteristics
-----------------------------------------

The clinicopathologic characteristics of the colon-cancer patients are shown in [Table 1](#T1){ref-type="table"}. A high preoperative serum CEA level (\>5 ng/mL) was found in 177 of the 605 patients (29.26%). Sixty-nine patients (11.4%) had an abnormal CEA level (\>5 ng/mL) after primary resection of the colon cancer. The postoperative serum CEA level was normal (≤5 ng/mL) in 536 patients (88.6%). Postoperative serum CEA level was measured between 3 and 4 weeks after surgical resection in almost all patients (87.9%). The American Joint Committee on Cancer system was used for staging \[[@B12]\] and yielded the following final pathologic tumor stages: stage I, 101 patients (16.69%); stage II, 264 patients (43.64%); and stage III, 240 patients (39.67%) ([Table 1](#T1){ref-type="table"}). Patients with vascular or lymphatic invasion (P = 0.0003), high grade pT stage (P \< 0.0001), high grade pN stage (P \< 0.0001) and advanced stage (P \< 0.0001) were significantly more associated with increased preoperative CEA levels ([Table 2](#T2){ref-type="table"}).

Cutoff value for the decreased rate of perioperative serum CEA level
--------------------------------------------------------------------

To predict the risk of death, we measured the area under the curve of the receiver operating characteristic curve and calculated the cutoff value with maximum sensitivity and specificity in terms of the perioperative rate of decrease in the serum CEA level. The \"cutoff values\" for the perioperative rate of decrease in the serum CEA level that determined the OS and the DFS were 48.9% and 50.8%, respectively.

Analysis of OS, DFS and prognostic factors
------------------------------------------

In the univariate analysis of a preoperative serum CEA level of \>5 ng/mL, prognostic factors for the OS and the DFS were the cutoff value (P \< 0.0001), pN stage (P \< 0.0001) and stage (P = 0.0172) ([Table 3](#T3){ref-type="table"}). Meaningful factors in the univariate analysis were included in the multivariate analysis. In the multivariate analysis of a preoperative serum CEA level of \>5 ng/mL, prognostic factors for the OS and the DFS were the cut-off value (P \< 0.0001) and pN stage (P \< 0.0001) ([Table 4](#T4){ref-type="table"}). Our analyses were based on the following groups:

Group A: preoperative serum CEA of ≤5 ng/mL, group B: preoperative serum CEA of \>5 ng/mL, group C: preoperative serum CEA of \>5 ng/mL and postoperative serum CEA of ≤5 ng/mL, group D: preoperative serum CEA of \>5 ng/mL and postoperative serum CEA of \>5 ng/mL, group E: preoperative serum CEA of \>5 ng/mL and below the cutoff value relative to the OS, group F: preoperative serum CEA of \>5 ng/mL and in excess of the cutoff value relative to the OS, group G: preoperative serum CEA of \>5 ng/mL and below the cutoff value relative to the DFS, group H: preoperative serum CEA of \>5 ng/mL and in excess of the cutoff value relative to the DFS.

The estimated 5-year OS and DFS rates for group A vs. B were 82.69% vs. 63.84% (P \< 0.001) and 78.78% vs. 59.50%, respectively (P \< 0.001). The estimated 5-year OS and DFS rates for group C vs. D were 79.37% vs. 25.49% (P \< 0.001) and 73.61% vs. 24%, respectively (P \< 0.001). The \"cutoff values\" of the perioperative CEA decrease rates that determined the 5-year OS and DFS rates were 48.9% and 50.8%, respectively. The estimated 5-year OS rates for group E vs. F were 31.37% vs. 76.98%, respectively (P \< 0.001) ([Fig. 1](#F1){ref-type="fig"}). The estimated 5-year DFS rates for group G vs. H were 27.69% vs. 72.10%, respectively (P \< 0.001) ([Fig. 2](#F2){ref-type="fig"}). We analyzed four groups (groups E-H) for each pN stage. In the analysis of each group for the same pN stage, group E showed a better OS than group F ([Fig. 1](#F1){ref-type="fig"}), and group G showed a better DFS than group H ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Molecular and biochemical markers of CRC are currently being used to investigate several prognostic factors. However, the studies of these markers are complicated, expensive, and of limited clinical relevance. Therefore, CEA levels, which can be easily determined using a simple blood test before and after surgery, are widely used as prognostic factors in patients with CRC. CEA is the most widely accepted and frequently used tumor marker worldwide in patients with CRC, and the method of measurement is standardized, readily available, and inexpensive. In 1999, the College of American Pathologists Consensus Statement classified the prognostic factors of CRC based on the published evidence. It suggested that preoperative CEA elevation be classified into category 1, together with tumor extent, regional lymph node metastasis, lymphovascular invasion, and residual tumor, after surgery \[[@B13]\]. Most studies of CEA in CRC have focused on the prognostic effect of preoperative CEA levels and on the usefulness of postoperative CEA monitoring for early detection of recurrence after curative surgery and for assessment of the response to chemotherapy in metastatic CRC \[[@B14]-[@B17]\].

However, there are few studies of the effect of postoperative serum CEA level on the recurrence rate after a curative resection of colon cancer. A few studies have evaluated the relationship between perioperative serum CEA changes and the prognoses in patients with CRC \[[@B18]-[@B22]\]. Park et al. \[[@B21]\] reported that in patients with stage III CRC, the perioperative serum CEA changes were predictive of systemic recurrence and prognosis, and the preoperative and early postoperative serum CEA levels were useful prognostic indicators.

Our data showed that the group with a preoperative serum CEA level of \>5 ng/mL had a more advanced stage and more positive lymphovascular invasion than the group with a preoperative serum CEA level of ≤5 ng/mL and that the majority of the patients had stages II and III disease. Unlike other studies, this study analyzed association of the rate of decrease in the perioperative serum CEA level and its cutoff value with the survival rate. In the group with a preoperative serum CEA of \>5 ng/mL, the cutoff values related to the OS and the DFS were 48.9% and 50.8%, respectively. In the multivariate analysis for the prognostic factors, the cutoff values related to the OS and the DFS showed hazard ratios of 4.951 (95% confidence interval, 2.997 to 8.180) (P \< 0.0001) and 4.818 (95% confidence interval, 2.998 to 7.744) (P \< 0.0001), respectively. Known prognostic factors for colon cancer were the preoperative serum CEA level, pT stage, pN stage, and lymphovascular invasion. However, in our study the cutoff values and the pN stage were prognostic factors for the OS and the DFS. We think that our results were different from other studies because we analyzed the group with preoperative serum CEA \>5 ng/mL, for which a poor prognosis is expected.

When the groups were divided according to a preoperative serum CEA level of 5 ng/mL, the 5-year OS rates for the ≤5 and \>5 ng/mL groups were 82.69% and 63.84%, respectively (P \< 0.0001), and the 5-year DFS rates for the ≤5 and \>5 ng/mL groups were 78.78% and 59.50%, respectively (P \< 0.0001). Therefore, the preoperative serum CEA level was a prognostic factor for survival, as previously shown.

The group with a preoperative serum CEA level of \>5 ng/mL was expected to have a poorer outcome. The group with a postoperative serum CEA level that returned to the normal range (group C) showed superior OS and DFS compared with the group with a CEA level that did not return to the normal range. This is similar to the conclusions of Park et al. \[[@B21]\]. Therefore, we suspected that patients with a preoperative serum CEA level of \>5 ng/mL would have a good prognosis in terms of the postoperative serum CEA level being reduced compared with preoperative value. We analyzed the \"cutoff value\" of the perioperative serum CEA decrease rate that determined the OS and the DFS in patients with a preoperative serum CEA level of \>5 ng/mL. The 5-year OS rates for patients with a level above the cutoff value and for those with a level below the cutoff value were 76.98% and 31.37%, respectively (P \< 0.0001). The 5-year DFS rates for patients with a level above the cutoff value and for those with a level below the cutoff value were 72.10% and 27.69%, respectively (P \< 0.0001).

The present study was limited by its retrospective design and by the fact that the time of postoperative blood sampling for the CEA measurement was not consistent, ranging from 1 to 4 weeks after surgery.

In conclusion, normalization of the postoperative serum CEA level and a reduction in excess of 50% in the perioperative rate of decrease in the serum CEA level may be used as a prognostic marker for survival in patients with a preoperatively-elevated CEA level. In addition, if the perioperative rate of decrease in the serum CEA level is not satisfactory, new follow-up strategies will be planned.
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Clinicopathological characteristics of colon cancer (n = 605)
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Values are presented as number (%).

CEA, carcinoembryonic antigen.

^a^Period of measurement for postoperative serum CEA level.
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Clinicopathological characteristics according to preoperative serum CEA group (n = 605)
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Values are presented as number (%).

CEA, carcinoembryonic antigen.
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Univariate analysis of prognostic factors for a preoperative CEA level \>5 ng/mL
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CEA, carcinoembryonic antigen; HR, hazard ratio; CI, confidence interval.

^a^Univariate analysis P-value.
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Multivariate analysis of prognostic factors for a preoperative CEA level \> 5ng/mL
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CEA, carcinoembryonic antigen; HR, hazard ratio; CI, confidence interval.

^a^Multivariante analysis P-value.
